residues. This domain shares no proven similarity to more classical cystine-knot motifs with 6 cysteine residues found in growth factors 3,4 , toxins 5 and cyclotides 6 . c) Quantitative PCR shows that the Shisa6 gene is specifically enriched within the brain (note the log 2 -scale), and virtually absent in pancreas and testes. d) RT-PCR on cDNA generated from hippocampal RNA using primers flanking exon 3 of Shisa6. Using this RT-PCR on WT mice in duplicate, we observed a single prominent Shisa6 transcript that contains exon 3. Sequence analysis of this PCR product confirmed the presence of exon 3 (black letters) between exons 2 and 4 (gray letters). The amino acid sequence is indicated above the nucleotide sequence. Importantly, the tryptic peptide
Peak-scaled example traces of whole-cell recording from HEK293 cells expressing homomeric 
Supplementary methods

Protein domain prediction and sequence alignment
The signal sequence was predicted using the online tool SequenceP4.1
(http://www.cbs.dtu.dk/services/SignalP/) 12 . The predicted molecular weight was determined using the online tools of Expasy (http://web.expasy.org/compute_pi/) and EnCor Biotechnology (http://www.encorbio.com/protocols/Prot-MW.htm). Sequence alignments were generated with CLC workbench 3.0.
(Real-Time) Polymerase Chain Reaction
Primers -Primers for PCR and real-time PCR were generated using Primer3.0. The final sets of primers are listed in Supplementary Table 2 .
RNA isolation and cDNA synthesis -RNA from several tissues was extracted as previously described 13 . Samples were DNase-I treated according to the manufacturer's instructions (20 U per µg RNA; Boehringer) to remove traces of genomic DNA, which was verified by using intron-specific PCR primers (data not shown). RNA concentration was determined using the NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies), and the integrity of RNA was checked by gel electrophoresis (1%-TBEagarose gel). Random-primed (25 pmol; Eurofins MWG Operon) cDNA synthesis was performed on individual RNA samples (~1 µg total RNA).
PCR for exon 3 -PCR products generated were visualized on a 1.75 % TAE gel ( Supplementary Fig. 1 ), and sequenced using the forward primer (Supplementary Table   2 ) in quadruplicate.
Real-time qPCR -Real-time qPCR reactions (20 µL; ABI PRISM 7700) on pooled tissue (3 mice) were performed using a 96-well format with transcript-specific primers (300 nM) on cDNA corresponding to ~20 ng RNA and SYBR Green reagents (Applied Biosystems) 13 
DNA expression constructs
pTRCGw-IRES2-EGFP is an adapted version of the pTRCGw plasmid (5.6 kb), which For HEK293 cell expression, GluA1 isoform 1 and GluA2 isoform 1 were Gatewaycloned into the pTRCGw-IRES2-EGFP vector, yielding respectively GluA1-pTRCGw-IRES2-EGFP and GluA2-pTRCGw-IRES2-EGFP. GluA3 was cloned into the pRK5 vector. GluK2(Q) was cloned into the pcDNA3 vector (Invitrogen) as described previously 15 .
For expression in hippocampal neuronal cultures, N-terminally Flag-tagged Shisa6 was subcloned in the pBI Tet-On vector (Clontech). cDNA corresponding to the GluA subunits was as described previously 16 . Homer 1C::EGFP and Homer 1C::DsRed were generated by subcloning Homer 1C cDNA into the pcDNA3 vector (Invitrogen).
For FLIM experiments, eGFP was inserted at position 253 of PSD-95 as previously described 17 . The mCherry tag was inserted 21 amino acids before the stop codon of Shisa6. All DNA constructs were sequence verified before use.
Generation of Shisa6 KO mice
The Table 2 ).
Antibodies
Anti-Shisa6 antibody was raised in rabbit against sequence DRYRMTKMHSHPSA (position 494-507 in Shisa6) (Genscript). The antibody was affinity-purified against the antigenic peptide, suspended at 1 mg per mL in PBS containing 0.02% NaN3, and stored at -20 °C. Antibodies used for immunoblotting were anti-Shisa6 (see above;
1:1,000), anti-GluA1 (Abcam, ab109450, 1:20,000), anti-GluA2 (Neuromab clone L21/32, 1:1,000), anti-GluA3 (Abcam, ab40845, 1:500), anti-GluK2 (Santa Cruz, C-18, 1:1,000), anti-GluN2A (Abcam, ab14596, 1:2,000), anti-PSD-95 (Neuromab clone K28/43, 1:50,000), and anti-Synaptophysin (Genscript A01307, 1:2,000). Antibodies used in immunoprecipitation were anti-Shisa6 (see above), anti-GluA2 (Neuromab clone L21/32), anti-FLAG M2 (Sigma, F1804) and IgG control (Genscript, whole protein, A01007).
Antibody used for QD tracking was GluA2 (MAB397; Millipore). Antibodies used for immunofluorescence cytochemistry were mouse IgG1 anti Flag M2 (Sigma, F3165, diluted 1:1,000), mouse IgG2b anti GluA2 extracellular domain (gift from E. Gouaux, OHSU, Portland OR, used at 2 µg per mL), mouse IgG2a and anti PSD-95 (NeuroMab clone K28/43, diluted 1:500). Alexa-conjugated isotype-specific secondary antibodies were obtained from Invitrogen. See below for more information on immunocyto-and immunohistochemistry.
Subcellular fractionation
Subcellular fractions were prepared as described previously 9, 18 with some modifications. 
In-gel Tryptic digestion
The free cysteine residues of Laemmli buffer-eluted proteins were blocked by addition of acrylamide (3.75% final concentration) for 30 minutes at room temperature. Proteins were resolved on a 10% SDS polyacrylamide gel, fixed, and stained with colloidal Coomassie Blue G-250. Sample lanes were cut into 3 segments, destained, and the proteins in-gel digested with Trypsin/Lys-C mix (Promega) during overnight incubation at 37 °C. The peptides were extracted twice with 50% acetonitrile + 0.1% trifluoroacetic acid for 40 minutes, once with 80% acetonitril + 0.1% trifluoroacetic acid for 20 minutes, dried by speedvac, and stored at -80 °C.
HPLC-MS-MS
Peptide samples were re-dissolved in 0.1% acetic acid and loaded onto a PepMap100 C18 precolumn (300 µm i.d., 5 µm particle size; Dionex) connected to an UltiMate 3000 HPLC system (Dionex). Separation was achieved on a 200 mm Alltima C18 in-house packed column (100 µm i.d., 3 µm particle size) by using an aquous-organic gradient of 5% to 40% acetonitrile + 0.1% formic acid for 27 minutes at a flow rate of 400 nL per min. 
MS data analysis
TripleTOF 5600+ output files were converted from wiff to mzML (centroid) format using 
Immunocytochemistry of cell cultures
To study the surface localization of Shisa6, independent of the in-house antibody against Images were collected on an upright Leica DM5000 using epifluorescence and a 40x oil objective with LED light source.
Immunohistochemistry of brain slices
We used the method of Yoneyama et al. (2004) 21 In brief, 6-week-old mice were killed by decapitation after anesthesia with isoflurane (4 minutes, 5% isoflurane per 1.5 L air), brains were dissected and quickly frozen. Sections were cut on a cryostat (15 µm) and fixed in Carnoy's solution containing 6:1 ethanol and acetic acid for 10 minutes at 4 °C.
The sections were incubated 1 h in blocking buffer containing 4% normal goat serum and 0.3% Triton X-100 in PBS, before they were incubated with first antibodies (anti- 
